INTRODUCTION
Mirrococczls sp. Y-1, a producer of alkaline pullulanase, is an cxtreme alkaliphile, growing at pH values from 6.0 to 12.1 1 and secreting amylolytic and pullulanolytic enzymes (Kim r t a/., 1993a) . The discovery of Micrococcm sp. Y-1 has permitted a detailed study of the enzymes of an alk'iiiphilic bacterium (Kim e t a/., 1993a) .
The alkaliphilic bacteria have been classified into three categories : (1) hyper-alkaliphiles, (2) extreme alkaliphiles and (3) moderate alkaliphiles. Extremely alkaliphilic bacteria of the genus Micrococctrs grow over the pH range 8.0 12-0 (Kim e t a/., 1993a).
Mc )st bacterial genomes comprise one circular chromosoine (Smith e t a/., 1987) . Two exceptions have been reported. One is Rhodobacter sphaeroides, which has two unique circular chromosomes of different sizes (Suwanto & Laplan, 1989) . The other exceptions are members of the. genus Borrelia, such as B. burgdorferi, which appear to have a linear chromosome (Baril e t a/., 1989; Ferdows & Barbour, 1989 PFGE of large fragments of D N A generated using infrequently cutting restriction endonucleases has made it possible to map megabase regions of eukaryotes and whole genomes of prokaryotes (Schwartz e t a/., 1983; Renaud e t a/., 1988; Bancroft e t al., 1989) . Approximately 40 bacterial genome maps (Krawiec & Riley, 1990) have been constructed by this method. These maps provide poor physical resolution, so their utility has been primarily to demonstrate mapping strategy and to confirm existing genetic maps (Smith e t a/., 1987) . The aim of this work was to produce a preliminary physical map and to estimate the genome size of the extremely alkaliphilic bacterium Micrococcw sp. Y-1 using PFGE.
METHODS
Bacterial strain and culture. Micrococczls sp. Y-1 cells (Kim etal., 1993a) were grown at 50 "C for 16 h in medium (pH 7.2) consisting of 0.8 % polypeptone, 0.2 % yeast extract and a basal salts mixture, as described by Kim et al. (1993b) . Chloramphenicol(lO0 mg ml-' in 95 %, v/v, ethanol) was added to a final concentration of 180 pg ml-' and cells grown for a further 4 h.
Preparation of bacterial plugs. Agarose plugs containing genomic DNA were prepared following the procedure of Bancroft et al. (1989) . In brief, cells grown to late-exponential or stationary phase were pelleted by centrifugation at 3500 r.p.m.
-~~ 0001-8790 0 1994 SGM for 10 min at 4 "C in a clinical centrifuge. Cells were then washed by resuspension in 10 ml buffer (10 mM Tris/HCl, 1 M NaCl, pH ?a(,), followed by centrifugation. After resuspension of the cells in 2 ml suspension buffer (0.01 M Tris/HCl, pH 8.0, 0.1 h4 Na-EDTA, 0.02 M NaCl), the suspension was warmed in an incubator at 30-10 O C , then diluted with an equal volume of 1 ? O (w/v) low-melting-temperature agarose (FMC BioProducts) made up in sterile water at 42 "C. The resulting solution was then poured into a mould chamber (Bio-Rad). Solidified blocks were incubated at 3' 7 OC for 12 h in lysozyme (Sigma) solution [l mg ml-' in TE buffer (10 mM Tris/HCl, 1 mhl EDTA, pH 8*0)] then treated overnight at 50 "C with an equal volume of buffer containing proteinase I ( (1 mg ml-'; Boehringer Mannheim), 0.5 YO N-lauroylsarcosine (Sigma) and 1 mM EDTA, pH 8.0. Proteinase activity was inhibited by washing the blocks twice for 1 h at room temperature in phenylmethylsulphonyl fluoride (40 pg ml-' ; PMSF). The blocks were then stored in 0.05 M Na-EDTA (pH 8.0) at 4 "C.
Restriction enzyme digestion of DNA using agarose blocks and PFGE. Agarose blocks containing 1 pg micrococcal D N A were subjected to single or double digestion with restriction endonucleases. DNA was digested for 20 h at 3' 7 "C in 0.1 ml restriction endonuclease buffer containing 0.01 YO bovine serum albumin. For total digestion of DNA, 10 U restriction endonuclease SspI (Boehringer Mannheim) and 10 U EcoRI (Promega) were used. For partial digestion with SspI, 5 U were used. After digestion, blocks were equilibrated in TE buffer, then mounted on the teeth of an electrophoresis comb. The gel was cast with 1.0?0 (w/v) SeaPlaque agarose (FMC) at 55 "C in 0.5 x TBE buffer (10 mM Tris/borate, 1 mM EDTA). The gel was electrophoresed at 14 "C in a CHEF DR I1 apparatus (BioRad). For separation of fragment sizes between 4 and 200 kb, the gel was run for 20 h at 200 V with a ramped pulse time from 1 to 15 s. The same time and voltage were used for separation of the size range 6-600 kb, but the ramped pulse time was from 15 to 75 s. Bacteriophage A D N A digested with Hind111 (Promega) was used as size markers for DNA fragments smaller than 50 kb, and J'accharomyces cerevisiae and Schi~osaccharomycespombe chromosomes (Bio-Rad) were used as size markers for high-molecularmass DNA fragments. After electrophoresis, gels were stained with 0.5 x TBE containing ethidium bromide (0.5 pg ml-') for 30 min, then destained in distilled water. Fig. 1, lane 1) and four small fragments not shown. For further separation of small size bands, a pulsed ramp time from 5 to 25 s over 20 h was optimum (data not shown). Dral treatment produced no fragments, while the 8-baserecognizing restriction enzymes Not1 (GCGGCCGC) and Jfl (GGCCN5GGCC) cut the genomic D N A into many fragments which were too small and numerous for genome sizing (data not shown).
RESULTS AND DISCUSSION
Anal !rsis of bacterial chromosomes using frequent-cutting restriction enzymes has been reported (Krawiec & Riley, 1990) . However, the large number of chromosomal fragments generated by these enzymes produce complicared banding patterns which are difficult to resolve and compare. Even though high resolution restriction fragment fingerprints of bacterial chromosomes can be produced with frequent-cutting restriction enzymes using two-dimensional electrophoresis, comparison with multiple enzyme fragmentation cannot be done in one experiment (Poddar & Maniloff, 1989) . The PFGEdetermined molecular sizes of several bacterial genomes, such as Escherichia coli (Smith e t al., 1987) , Mycoplasma mycoides (Pyle & Finch, 1988) , Haemophilw inflaenxae (Kauc etal., 1989) and 2'set/domonasaerzlginosa (Hector & Johnson, 1990) have been reported. In this study, the genome size of Micrococczls sp. Y-1 was estimated using PFGE. Although the contribution of any single plasmid to the estimation of genome size is insignificant, PFGE experiments using a 15 s pulse time for 14 h with undigested genomic D N A showed no evidence of any plasmid in the strain (data not shown).
Physical map of the Micrococcus sp. Y-1 genome
Digestion of chromosomal D N A with Sspl resulted in six restriction fragments ranging in size from 2280 to 108 kb (Table 1) . Partial digestion experiments suggested that the partial fragments of 2910 kb, 920 kb, 820 kb, 680 kb, 530 kb and 400 kb were combinations of the fragments from completely digested D N A ( Table 2 ). The Ss-2 fragment (580 kb ; Table 1 ) was also detected after double digestion with S.pI and SpeI, while the Ss-1 (2280 kb) and Sp-1 (760 kb) fragments were not (Fig. 1, lane 1) .
A complete SspI restriction map of the Mtcrococc~r sp. Y-1 chromosome was obtained. The six SspI bands formed a circle, demonstrating the circular topology of the chromosome (Fig. 2) . Use of SpeI, XbaI, HpaI and EcoRI will allow development of a high density map of the Table 1. circular chromosome. If, in the future, Micrococczls sp. Y-l genes are cloned, hybridization methods can be used to confirm the physical map of this genome. This work constitutes, to our knowledge, the first estimation of the genome size of an alkaliphilic 2llicrococcn.s sp.
